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OBSERVATIONS ON SUBMERGED GROWTH AND DEAMINATION
OF AMINO ACIDS BY DERMATOPHYTES*
ADELE M. BURACK, M.S. AND S. G. KNIGHT, Pu.D.
Metabolic studies on the dermatophytes re-
quired relatively larger amounts of physiologi-
cally active homogeneous myceliuin than could be
obtained by usual growth of solid media. Such
mycelium was obtained by growing the fungi by
submerged culture in shaken flasks. The pmdue.
tion of ammonia and concurrent increase in pIT
during submerged culture led to a study of the
ability of a number of dermatophytes to deami-
nate amino acids. Some of the observations
during these studies are the subject of this paper.
The cultures used in this work were obtained
from Dr. L. Ajello of the Mycology Unit of the
Communicable Disease Center, Chamblee,
Georgia, and from the State of Wisconsin Labo-
ratory of Hygiene, Madison, Wisconsin. They
were all maintained on agar slants of Sabouraud's
medium.
All of the fungi used in. this work were grown in
submerged culture. The inoculum was prepared by
transferring a slant culture to a 8terile small cup of
a Waring blender where it was shredded in 20 ml. of
sterile water for one minute. One ml of the homo-
genate was used to inoculate each flask of liquid
Sabouraud's medium. The liquid medium was
dispersed in 50 ml. quantities into 125 ml. Erlen-
meyer flasks and was sterilized 20 minutes at
115°C. Theubation was at 25°C. on a shaker that
rotated at approximately 115 rpm about a radius
of 5/8 inch.
For microscopic examination a pellet of myce-
hum was aseptically removed from the flask; a
small piece of the pellet was then teased apart in
in a drop of 20 per cent NaOH on the microscope
slide.
The mycelium was harvested after 2-4 days
growth by transferring the flask contents to a
sterile 250 ml. centrifuge bottle and centrifuging
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until the pellets settled. The supernatant was
decanted, sterile distilled water was added, the
pellets were resuspended with a sterile glass rod
and then were again centrifuged; this "washing"
operation was repeated three times. After the third
wash the pellets were resuspended in 0.1. M-
phosphate buffer at pH 6.6 and blended for one
minute in the Waring Blender. The trealment in
the blender broke up the pellets so that the sus-
pension of mycehium could be pipetted.
The production of ammonia from amino acids
was determined by using the Conway Technic as
described by Pelczar, Hansen, and Ronetska (4).
Briefly this technic was as follows: 1 uil. of a
suspension of mycelium and 9 ml. of the amino
acid solution containing 20 M of the DL-amino
acid was placed in the outer well, and 9 ml. of
0.1N H2S04 was placed in the inner well of the
Conway microdiffusion unit. The lids were placed
on the units and they were incubated or 1 hour at
30°C. with gentle shaking on a mechanical shaker.
At the end of one hour the lids were pushed back
far enough to permit 1.5 ml. of saturated K2CO,
to be added to the outer well, the lid was immedi-
ately replaced and th shaking continued for 2
hours. During this period the ammonia released
from the amino acid during the first incubation
diffused into the sulfuric acid in the center well.
At the end of 2 hours, 0.5 111. of acid was removed
from the center well and ammonia was determined
by the Nessler technic.
The mycelium and reactants in the outer well
were poured into a tared Gooch crucible, the
reactants were washed out with distilled water,
and the mycelium was weighed after drying 24
hours at 95°C. Knowing the dry weight of myce-
hum in each reaction allowed the calculation of
micromoles ammonia per mg. dry tungus cells to
be made.
RESULTS
a) Submerged cullure
The dermatophytes used in this study grew
well in submerged culture and, based upon
macroscopic and microscopic examination, the
following generalizations can be made. Good
growth in submerged culture required a heavy
inoculum so that many smail pellets of mycelium
were formed. All cultures showed good growth at
198 m JOURNAL OF INVESTIGATIVE DERMATOLOGY
TABLE I
The formation of ammonia from amino acids by
dermatophytes
All amino acids were in DL-form and all the
results are based upon 10 mg. dried mycelium.
Dermatophyte
Micromoles of Ammonia Produced
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T. mentagro-
phytes T-1
T. mentagro-
phytes X-15
T. rubrum T-3
T. rubrumX-2
T. tonsurans
B-28
T. violaceum
A-3
T. verr'acosum
A-8
M. audouini
M. canis
E.floecosum
1.17
2.02
6.16
5.31
2.63
0.30
1.66
0.97
5.75
4.14
7.31
5.45
4.39
4.00
2.11
2.61
5.83
7.07
7.36
6.69
6.94
6.72
7.70
7.65
2.75
2.64
7.61
4.91
6.43
6.63
3.06
1.97
1.90
1.67
1.04
0.74
1.97
4.42
3.33
2.91
2.22
0.62
0.74
0.73
0.09
0.04
1.02
0.11
1.17
1.00
7.10
7.39
6.54
6.78
2.37
2.64
1.63
4.36
2.22
3.62
0.06
0.02
0.09
0.02
—
0
0.09
0.10
0.02
0
TABLE II
The effect of inhibitors on the deamination of
aspartic acid by T. mentagrophytes T-3
Inhibitor
Concen-
tration
1en' End
Per Cent
Inhibi-
tion
Sodium cyanide 0.5
0.05
6.8
6.8
7.4
6.9
74.4
0
Sodium fluoride 0.5 6.6 6.6 11.3
Copper sulfate 5.0
1.0
7.1
7.1
6.8 100.0
29.6
Acetic acid 1.0 3.2 3.2 100.0
Sodium acetate 1.0 7.2 7.5 0
Propionic acid 1.0 3.6 3.6 100.0
Sodium propionate 1.0 7.0 7.0 0
Sodium caproate 3.0 6.9 7.0 0
Sodium undecylenate 5.0 6.8 6.8 0
Glycerol triacetate 5.0 6.8 4.3 93.2
(triacetin)
4 days and some strains of the Trichophyton
species and Microsporurn audouini showed good
growth at 2 days. T. mentagrophytes and M.
lanosum consistently produced between 500 and
600 mg. dry mycelium per 50 ml. of medium,
which is comparable to the growth obtained by
peniciffiurn molds and other saprophytic fungi.
Pigment production by pigmented strains was
greatly enhanced by submerged culture and the
pigment was confined to the cells unless incuba-
tion was prolonged until lysis occurred. The
formation of microconidia was decreased by sub-
merged culture and in some instances none could
be seen. All cultures that produced macroconidia
on slants also produced macroconidia in sub-
merged culture; three strains each of T. menta-
qrophytes and T. rubrum and one of M. cani8
which normally produced no macroconidia on
slants sporulated heavily in submerged culture.
b) Deamination of amino acids
Table I shows that all of the dermatophytes
tested could deaminate most of the amino acids
although the rate per mg. dry mycelium varied.
All of the deaminations in Table 1 were at pH
6.6 since preliminary tests with T. mentagrophytes
T-1 and M. audouini showed that maximum
deamination occurred in a plateau between pH
6.5 and pH 7.3; there was no detectable deami-
nation at pH 4.6.
Table II shows the effect of some common
enzyme and mold inhibitors on the deaminase of
T. nwntagrophytes. For these experiments the
mold mycelium was suspended in normal saline
instead of phosphate buffer so that any effect
of the inhibitor on p11 during the course of the
experiment would be quickly evident. The free
fatty acids inhibit the deaminase by virtue of the
low pH whereas the neutralized acids are without
effect. Glycerol triacetate probably had no effect
by itself but was rapidly hydrolyzed by the
fungal esterases until enough free acid was formed
to decrease the pH to 4.3; around pH 4.3 the
deaminase was inhibited and hydrolysis of
glycerol triacetate also stopped.
DISCUSSION
One of the difficulties encountered in studying
the metabolism of the dermatophytes has been
getting enough cells of uniform age with which to
work. This can largely be overcome by growing
them in submerged culture by methods that have
become quite common for work with the sapro-
phytic fungi. Of course, the tacit assumption has
to be made that the metabolic makeup of cells in
submerged culture is the same as surface grown
cells; we have found nothing to contradict this
assumption with either the saprophytes or
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derrnatophytes. The rate at which the dermato-
phytes grew in submerged culture was surprising
and might reflect the increased availability of
nutrients. Also noteworthy was the observation
that six normally downy strains of T. nwntagro-
phytes and T. rubrumproduced abundant macro-
spores in submerged culture.
During the course of the work on submerged
culture it was noted that the pH of the medium
gradually rose from pH 5.6 to pH 7.0 or above
and that the increase in free ammonia closely
followed the increase in pH. During this period
Goldfarb and Herrmann (1) reported on the pH
changes of molds on solid culture media and it is
of interest to note that the ability of the dermato-
phytes to change the pH of Sabouraud's medium
(as reported by Goldfarb and Herrmann) par-
allels their ability to deaminate amino acids.
Knight (3) has studies the amino acid oxidase
(deaminase) of saprophytic fungi, and although
many rapidly produce ammonia from amino
acids, the alkalinity apparently is more than
neutralized by acids arising from carbohydrate
metabolism. As in the saprophytic fungi, there
is but little relationship between the dermato-
phyte and the spectrum and rate of deamination.
In view of the general ability of the dermato-
phytes to release ammonia from a number of
amino acids, it would be of great interest to know
what effect deamination has upon the progress of
fungous infections in man and animals. Cer-
tainly when growing parasitically the fungus is
presented with an array of amino acids arising
from its keratinolytic and proteolytic activity
and from the host itself. In fact Johnson (2) has
found a number of amino acids in washings of
normal skin.
Based upon this fact and the work reported
here, there must be a considerable tendency for
the microenvironment of the dermatophyte in-
fected area to become quite alkaline. This ab-
normal alkalinity would tend to solubilize the
protein and saponify the lipides in the area and
might contribute significantly to the infectious
process. It is likely that the efficacy of free fatty
acids and potential reservoirs of a continuous
supply of free fatty acids, such as acetic acid from
triacetin, resides not only in the effect of the acid
upon the dermatophyte but in the ability of the
acid to neutralize ammonia and to even inhibit its
formation.
SUMMARY
1. A number of superficial dermatophytes have
been found to grow rapidly in submerged culture
and to produce certain of the morphological
features of surface growth.
2. Most of the dermatophytes in this study
rapidly produced ammonia from a number of
amino acids. Ammonia production was most rapid
around neutrality and was stopped around
p114.5.
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